expectations; but as I put them forward sub judice and with moderation, 1 cannot but hope that their faults and shortcomings may, by exciting attention to the all-important topic on which they treat, be of service to science and humanity.
That no misunderstanding may hereafter occur, it is necessary at the outset to define rigidly the class of cases to which the term sus- 1SG3.] Richardsox on the Treatment of Suspended A nimation. 479 ponded animation is applied in this paper. I include, then, under this head, cases only where life has been arrested by the suspension of that process of combination between oxygen and blood on which the calorincation, and thereupon the animation, of the animal depends) whenever any serious mechanical injury has been inflicted, whenever the blood has been disorganized, whenever any important organ has been subjected to antecedent morbid change, the case is excluded. The The morbid states to be considered have relation to the following structures and parts?
The blood.
The heart.
The lungs.
The brain.
The secerning viscera.
$
Gases arising from Mechanical Obstruction of the Trachea.
In instances of obstruction of the windpipe by internal plugging or external pressure, the morbid phenomena are naturally the same.
These phenomena are, nevertheless, very far from being alike in every case ; they vary according to the rapidity of the death and the perfection of the occlusion.
The Blood.?In all cases of death from these forms of occlusion, where & the period of dying has not been extended over eight minutes, the condition of the blood is the same; the corpuscles remain unchanged, the fibrine unseparated; the coagulating power of the blood is also unchanged, but if the vessels of the body in these cases are unopened, the period of coagulation in the vessels is very slow. I have observed the blood of different animals after death from obstruction of the trachea in twenty-three examples. I found it invariably fluid for the first twenty minutes after death ; in a dog which was hanged in 1854, and brought to the Grosvenor Place School three hours afterwards, I found the blood still fluid; and in a case of hanging in the human subject where death had taken place three-quarters of an hour before my arrival, I plunged a lancet into an engorged jugular vein and drew off an ounce of perfectly fluid blood.
At the same time it is not to be assumed that this fluidity indicates any chemical change in the blood as the result of the mode of death; such blood, on being set free, undergoes coagulation normally, according to the animal to which it may have belonged. It is susceptible of oxydation, and it is capable of restoring muscular irritability to the muscles after such oxydation, by injection into them.
The Heart.?The condition of the heart varies with the length of time during which the death is taking place; this is very important to re- There is one other phenomenon in regard to the heart in these examples. If, during the period of death, the stethoscope be kept over the cardiac region, the sounds of the heart may be heard until a period of from three to nine seconds after the last attempt at respiration; then the diastolic sound ceases, while the systolic keeps for a few seconds feebly clicking 011; the cessation of the systolic sound marks the period of what may be virtually considered iu the present state of our knowledge, the period of death; there may then follow a slight convulsive start and rapid quiver of the heart, and immediately all is quiet.
Under these circumstances, it might be assumed by the observer that the heart has entirely stopped; and the observation would be true were the body of the animal left alone unopened. If, however, the body is opened and the heart is exposed to the air, there is reaction; within a few seconds after the exposure there is contraction of the right auricle, then of the right ventricle; if any blood remain in the left cavities, their wallt. also follow, and the whole organ may appear in active play. if the occlusion is imperfect, and the struggle is prolonged, the lungs will be found containing blood in the pulmonary artery, and in the pulmonary veins; while if the struggle is greatly prolonged, they are intensely congested.
It is not difficult to explain why there are these gradations of pulmonary congestion in different forms of asphyxia. In health there is always an accurately-maintained balance between the pressure of the air on the air-vesicles of the lungs, and the pressure of the column of blood derived through the pulmonary or right side of the heart. When, then, the column of air in the lungs is suddenly and entirely cut off, the weight of the column remains the same; the oxygen retained in the air is gradually absorbed by the current of blood passing over the lungs: the heart is kept in motion so long as the blood is in receipt of the oxygen, and the conditions are for a short time the same as during life; but as the blood ceases to be oxygenated, the heart ceases to offer its propelling power: death commences at the heart, and the lungs are left free of engorgement.
When, again, the column of air to the lungs is not absolutely cut off, but is partially arrested, there is instituted a spasmodic respiration in which the expiratory efforts far exceed the inspiratory in effect; the diaphragm becomes spasmodically fixed, and the external chest muscles contracted ; still there is admission into the chest of some air, on which the heart survives, retaining its action and forcing its blood into lungs nearly passive; the lungs consequently become engorged, and in proportion to the duration of the struggle so is the engorgement: tlio animal near to death, the muscles of the chest rigid, and the chest contracted, makes a sudden gasp ; a little air is thus conveyed into the aii'-vesicles, and is caught up by the blood; then the chest is again fixed, but that breath of air has reinvigorated the heart, and the right side : death commences at the heart, and yet the heart outlives the respiration. The facts are these. If the stethoscope be placed over the region of the heart, the organ will be heard to beat, and both sounds will be distinguishable so long as there is any respiration. When the respiration has entirely ceased, there will be a few seconds of time in which both sounds may be heard very feebly; then a second, in which the first sound is heard alone; then an irregular motion ; then silence. But during the whole of the last period of life, although "the heart-sounds are heard, there is no arterial pulsation. In three experiments on large dogs, after they were quite Original Communications. [April,
The Heart.?In all cases the right side of the heart is surcharged with blood. If the death has been rajiid, the left side is contracted and empty. If the death has been slow, the left side contains blood which is dark.
If before the animal is dead it is removed from the vat, and made to breathe the acid from a nostril-tube, then, when the stethoscope is applied over the region of the heart, the respiration and the circulation are found to fail almost at the same moment.
Commonly a movement of the heart is heard after the last respiration, but unaccompanied by either the systolic or diastolic sounds.
When the heart is exposed to the air after death, the Unfortunately, however, it is very rare that the column of blood is continuous,and so it is rare that artificial respiration succeeds; and I am bound to say that whenever the action of the heart is utterly lost to the ear, the evidence is well-nigh conclusive that the column is broken. Thus the application of artificial respiration becomes extremely limited:
it is of use only where there is still some circulation; it must be secondary to circulation, because natural respiration is so.
In seventy-eight experiments in which the action of the heart of the animal operated on had positively stopped, I applied artificial respiration, but without the faintest result.
Let me give a summary of these inquiries.
[April, The respiration was made in every case with double-acting bellows: these on one side removed air from the lungs; on the other side they filled from the air on expansion. In closure they charged the lungs with pure air, and cast the impure air, which they had removed, into space.
They were always applied gently, so as to imitate as nearly as possible the natural respiration of the animal.
And the result in every one of these cases was that no indication of re-animation was ever presented.
On opening the bodies of the animals, however, certain mischiefs were discernible, which are almost unavoidable.
The lungs in more than half the cases were emphysematous. The blood on the right side of the heart was coagulated. Hence artificial respiration, if it fails at first, if it does not catch the column of blood which may be crossing the 'pulmonic circuit, instead of being a means of restoring life, clenches death.
I thought it would be advisable to see the effect of artificial respiration on the heart. In twenty-six instances, therefore, as soon as the artificial respiration was fairly set up, the chest-wall was neatly removed, and the effects of the insufflation on the heart were carefully observed. It is true that, in every instance where this proceeding was adopted, the right auricle of the heart was seen pulsating, and often the ventricle: but such contraction was never sufficient to fill the pulmonic circuit; and I have proved by further From the respiratory mechanism I moved to the cardiac, and endeavoured to find whether any two points could be selected into which, the poles being inserted, rhythmical action could be exerted by the battery. I used no metronome in the first series of these inquiries.
In different experiments I placed the poles, directly after the circu-Original Communications.
[April, lation and respiration had ceased, in the following positions, setting up the current so as to excite contraction.
The positive pole, insulated everywhere, except at its extreme point, into the apex of the heart; the negative pole into the external jugular vein.
The negative pole to the heart externally at the apex; the positive through the jugular vein into the right auricle.
The negative pole to the heart externally; the positive pole through the right carotid into the heart 011 the left side.
Both poles through the thoracic walls into the structure of the heart?one into the left, the other into the right ventricle.
One pole, negative, into the apex of the heart; the positive into the trunk of the vagus. The experiments were afterwards repeated with the metronome, tlio shocks being measured.
The summary of all these researches may be included in the following remarks: In only one case was there any indication of re-animation; the history of that case was as follows:
On December 5th, 1858, I narcotized a rabbit with chloroform until all action ceased, both in the respiration and in the circulation. The M double-acting bellows were applied to the nostril, and artificial respiration was set up.
I now laid bare the external jugular vein on the right side, and tried to pass through it into the right ventricle the positive pole of an electro-magnetic apparatus, the pole being insulated, except at its extreme point. Failing to get the pole fairly along the vein, I at once laid open the thorax; and, passing the pole into the right side of the heart by the inferior cava, I placed the opposite pole over the heart externally by moistened sponge, artificial respiration being continued. The heart at once responded to the galvanism ; the ventricles acted vigorously; the aorta pulsated; blood made its way round the system; and the fore limbs of the animal took 011 active motion; re-animation was in fact established, and continued for several minutes. In removing the pericardium to watch the action of the heart better, I penetrated by accident the wall of the ventricle, and blood flowed out quite fluid, which brought the experiment to an end. This blood did not coagulate for eight minutes, and auricular contraction was sustained for half an hour.
I11 this example I infer that the column of blood from the right to the left side not having been actually broken, the galvanism excited the right side to the propulsion of a current of larger calibre, and the artificial respiration feeding this, the whole circulation was re-established.
I afterwards endeavoured to include the heart and diaphragm in the same coil, and connecting that with the negative pole of the battery, with the positive pole through the larynx, I tried to excite by the same shocks the heart and the muscles of respiration togethei, but the attempt did not succeed.
The results derivable from galvanism are, then, negative in kind, but unhappily they are more than that. If they sometimes excite muscle to contraction, they also not infrequently paralyze it at once, while they always exhaust its power with great rapidity. If, in animal just dead, galvanism be applied to muscle after muscle, each muscle may be paralyzed separately; all the muscles on one side of the body may thus be bereft of their irritability, while the muscles of the other side, which have not been galvanized, retain theirs.
These phenomena, applicable to all muscles, are specially applicable to the heart. The heart, of all organs, loses most quickly its response to galvanism, or responding to the current, is most quickly overpowered by it. These facts, lirst observed by Aldini, but not understood by him physiologically, I have confirmed by forty observations specially conducted.
i can stop the heart that is pulsating by the galvanic force, as readily as I can excite it by the same agent?aye, even more readily. I can wear out the excitability of the heart of one animal by gentle galvauism more quickly than the heart of another animal similarly placed shall wear out its own irritability by its own contractions.
Hence galvanism is a delicate remedy as applied to the heart. It must be so ; not because of the peculiarity of the fibre of the heart, nor of the nerve-supply, but because the organ depends on itself for blood, and in its final contractions uses up to the last drain the animating force on which it lives. When another muscle dies it may die, and under most conditions it does die, relaxed and full of 'lood, on which it can for a time subsist, and under stimulation react.
?t so the heart. Throwing aside galvanism, then, in regard to the subject under consideration?What, we are led again to ask, what shall we do?
Shall we transfuse ?
As it is essential to rouse into action the heart, as galvanism fails in this intention, can it be done by throwing into the chambers the circulation some substance which possesses the power of exciting the muscular contraction ?
The experiments of transfusion of blood for restoring the prostrate body, first brought into practice by Lower, and recently carried into such remarkable effect in the restoration of muscular irritability by Brown-Sequard, point out the possibility of restoring animation in all forms of death by transfusion.
In i857, I tried to restore muscular action generally, in a dog [April, ?which, had been rapidly destroyed by chloroform, by injecting the carotid artery in the direction of the heart with blood that bad been exposed to oxygen. The blood ran freely into the vessels and filled them, but no sign of re-animation took place.
At various times since that period I have employed other agents than blood with the same intention, and have met with many bodies which excite muscular contraction. These divide themselves into two families.
There are certain agents which, being simple, and warmed to blood temperature, have the property, on injection into the tissues, of evolving caloric, and of placing the muscles in the condition to contract for a time, and afterwards for a much longer time under the application of the stimulus of electricity. Thei-e is, again, another class of fluids which, injected into muscles, produce in them the same effects as powerful electrical excitation, so long as they retain caloric. Ammonia is the grand representative of this latter class of substances.
Amongst the first class, none is more effectual than simple water; the effects which can be produced hy warm water on its injection into the arteries are not less remarkable than those of electricity. My first observation in this direction was made 011 the 16th of January,
1860.
A large healthy dog was killed by chloroform. After death, the heart being perfectly quiet, artificial respiration was set up with warm air; on which the right auricle, followed by the ventricle, resumed contraction ; the intercostals and the diaphragm also contracted after a short time.
These contractions were readily stopped on the application of cold; but were renewed time after time by the re-application of heat. At one a.m. on January 17th, all action having ceased, a tube was put into the aorta through the heart, and a pint of water at 120? Fa.hr. was gently injected by a double acting syringe. By a third line of experiment, I have endeavoured to draw the hlood over the pulmonic circuit, instead of forcing it over. A large rabbit having been killed with chloroform, and the tracheal tube connected with the artificial bellows having been inserted, I laid open the chest and fixed a tube into the thoracic aorta; the tube was firmly tied. The free end of this tube was now connected with a syringe, to which a small forcing-pump was attached. The whole of our arrangements made, my assistant, Dr. Schofield, set up artificial respiration, "whilst I very gently worked the exhausting syringe. Previously to this, the right side of the heart was engorged with blood, and the left side was empty; but, as the syringe played, the blood at once made its way over the lungs. The blood was arterialized; the left heart was filled; the auricle contracted; and, as by an upward push of the piston of the syringe the blood that had been drawn into it was forced back upon the heart; the left ventricle, the right auricle and ventricle, the pulmonary artery, and the aorta, all started into vigorous action.
The coagulation of the blood in the vessels and in the tube of the syringe stopped the progress of this experiment.
Of 
